Characterization of material behavior can be divided into two parts, the analysis of deformation and the underlying physics, though these are intimately related. A significant advance in the analysis of deformation was made when the polar decomposition theorem was introduced, making it possible to separate large deformations into a stretch and a rotation. Consequences of the theorem affect the way rate processes should be characterized. In particular, rate of material rotation is different from vorticity, and the stress rate for finite strains is different from the usual stress rate of Zaremba, Jaumann, and Nell. I t is convenient to define a strain rate that is different from the stretching that is the symmetric part of the velocity gradient. These concepts are described in detail in a 1979 paper. Various criticisms of that paper have appeared in the Journal of Applied Mechanics, which are discussed herein. To illustrate the distinction it is shown that the rate of rotation in a classical vortex does not vanish, though the vorticity is zero. It is also shown that the rate of material rotation recently computed by Nemat-Nasser, which involves an eigenvalue expansion, is equivalent to the one given in the 1979 paper, which makes use of matrix inversion, and it is asseverated that the matrix inversion approach is computationally more efficient.
Introduction
Though the t h e o r y of m a t e r i a l r o t a t i o n lies o n l y a t the p e r i p h e r y of the t h e o r y of m a t e r i a l behavior, it receives continuing a t t e n t i o n [1], [2] , [3] because it is a necessary ingredient of a n y general theory, and if n o t a d e q u a t e l y treated spurious results m a y follow from a n otherwise a d e q u a t e approach. The p a p e r of N a g t e g a a l a n d de J o n g [4] presents an interesting example of how use of the t r a d i t i o n a l Z J N a p p r o a c h of Z a r e m b a [5], J a u m a n n [6] a n d Nell [7] can lead to unrealistic behavior of the stresses a t v e r y large strains in a calculation of simple shear with k i n e m a t i c hardening. Similar difficulties are illustrated in a n o t h e r e x a m p l e involving a simple hypoelastic m a t e r i a l given b y Dienes [8] . These difficulties are avoided when m a t e r i a l deformation is t r e a t e d with polar decomposition as the starting point. This was d e m o n s t r a t e d b y Dienes [8] in a p a p e r outlining a general theory. The essential new issue in t h a t paper, which makes calculations of an analytical or numerical character possible, is the development of a relation between rate of material rotation D and vorticity W. The general theory of stress rate is considered therein using a line of argument similar to that of Noll [7] and Green and McInnis [9] . In this discussion the relation of 19 and W is further illustrated using a simplified version of the general result that is valid for plane flows. In addition, it is shown that the relation of ,(2 and W is equivalent to one put forth by Nemat-Nasser [1] using the method of spectral analysis developed by Hill [10] .
It is argued by Lee [2] that the polar stress rate (this term is introduced here to describe a stress rate involving the use of polar decomposition) violates an axiom of plasticity. It is shown in this discussion, however, that the appearance of the polar stress rate in constitutive laws arises from the elastic part of the elastic-plastic flow rule, and its structure does not affect normality or the yield condition. Prager [11] discusses the theory of stress rates and argues that the ZJN stress rate has an advantage over other stress rates (such as Oldroyd's) in that the second invariant remains constant when it is used to characterize plastic flow. Prager's argument can be used equally well to support the polar stress rate. The plan of this discussion is to summarize the main results of [8] , provide a new illustration of those results, and then to relate those results to recent discussions of material rotation.
Summary of Stress Rate Theory
The motivation for the analysis of [8] arose from the observation that two different angular rates appear in the analysis of deformation, the vorticity W and the angular velocity D. Thus, it seemed natural to inquire about the relation between them, and to determine the context in which each should be used. The analysis followed a reading of Truesdell [12] and, consequently, the notation, and in many places the terminology, follow that elegant, though paperbacked, volume. Though Nemat-Nasser [1] has maintained that it is inappropriate to modify stress rates in order to prevent "strange and unwanted results" from emerging, in fact no such ad hoc procedure was followed. The relation of .(2 and W was obtained first, the derivation of stress rate followed, and then the comparison of the polar stress rate and the ZJ~ approximation was carried through as an illustration. Thus, the unrealistic character of the ZJN approximation at large strains appeared as a consequence, rather than a premise, of the analysis of [8] .
When the deformation gradient F is resolved into the product VR, where V is the positive-definite spatial stretch and /~ the material rotation, it is straightforward [8] to show that the velocity gradient G can be expressed in either of the forlTIS 
